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(54) Ultrasonic clamp coagulator apparatus having dual rotational positioning 



(57) An ultrasonic surgical clamp coagulator appa- 
ratus is configured to effect cutting, coagulation, and 
clamping of tissue by cooperation of a clamping mech- 
anism of the apparatus with an associated ultrasonic 
end-effector. Rotational positioning of an elongated por- 



tion and end-effector is achieved by the provision of a 
clutch mechanism incorporated into a housing appara- 
tus. The arrangement permits the elongated portion to 
be rotatably positioned with respect to the apparatus 
housing and permits rotation of a the end-effector rela- 
tive to the elongated portion. 



10 




223 



232 



o 

CO 

o 



CL 
III 



Printed by Jouve. 76001 PARIS (FR) 



Serial No. 09/436,455 



1 EP 0 908 150 A1 2 



Description 
Technical Field 

[0001] The present invention relates generally to ul- 
trasonic surgical devices, and more particularly to an ul- 
trasonic surgical clamp coagulator apparatus tor coag- 
ulating and/or cutting tissue, including a clutch mecha- 
nism to permit rotational positioning of an ultrasonic 
end-effector with respect to an associated clamp arm, 
with end-effector, clamp arm, and associated ultrasonic 
drive unit thereafter being selectively rotatably position- 
able in an indexed manner with respect to a housing of 
the apparatus. 

Background Of The Invention 

[0002] Ultrasonic surgical instruments are finding in- 
creasingly widespread applications in surgical proce- 
dures by virtue of the unique performance characteris- 
tics of such instruments. Depending upon specific in- 
strument configurations and operational parameters, ul- 
trasonic surgical instruments can provide substantially 
simultaneous cutting of tissue and hemostasis by coag- 
ulation, desirably minimizing patient trauma. The cutting 
action is typically effected by an end-effector at the distal 
end of the instrument, with the end-effector transmitting 
ultrasonic energy to tissue brought into contact there- 
with. Ultrasonic instruments of this nature can be con- 
figured for open surgical use, or laparoscopic or endo- 
scopic surgical procedures. 

[0003] Ultrasonic surgical instruments have been de- 
veloped that include a clamp mechanism to press tissue 
against the end-effector of the instrument in order to 
couple ultrasonic energy to the tissue of a patient. Such 
an arrangement (sometimes referred to as an ultrasonic 
transector) is disclosed in U.S. Patent No. 5,322,055, 
hereby incorporated by reference. However, typical con- 
structions have included a clamp mechanism mounted 
in a fixed orientation relative to the handle or hand piece 
of the instrument. As such, a surgeon has typically been 
required to physically rotate the entire instrument in or- 
der to change the rotational orientation of the clamping 
mechanism. This can detract from convenient use of the 
instrument In addition, conventional ultrasonic devices 
usually only use a single blade surface to cut or coagu- 
late tissue. Therefore, a surgeon may have to change 
instruments for different cutting and coagulation appli- 
cations. 

Summary Of The Invention 

[0004] In view of the above, an ultrasonic surgical 
clamp coagulator apparatus is provided to permit selec- 
tive cutting, coagulation, and clamping of tissue during 
surgical procedures. In order to promote convenient and 
efficient use of the apparatus, a clamping mechanism 
can be selectively rotationalty positioned with respect to 



the housing of the clamp coagulator apparatus thus per- 
mitting a surgeon to selectively position the clamping 
mechanism as may be required without effecting rota- 
tional manipulation of the housing. The clamp mecha- 
nism and an end-effector can be rotated together to 
maintain a particular end-effector configuration in align- 
ment with the clamp mechanism. 
[0005] The surgical clamp coagulator apparatus in- 
cludes a clutch mechanism that permits the end-effector 
to be rotationally positioned with respect to the clamp 
mechanism to allow different end effector configurations 
to be aligned with the clamp mechanism for desired cut- 
ting and coagulation of tissue. The end-effector, clamp 
mechanism, and associated ultrasonic drive unit can 
thereafter be rotated as a unit, with efficient and con- 
venient use of the clamp coagulator apparatus promot- 
ed by the provision of a detent mechanism which func- 
tions to provide indexed rotational positioning of the 
clamping mechanism and end-effector with respect to 
the housing. 

[0006] In accordance with the illustrated embodiment, 
the present ultrasonic surgical clamp coagulation appa- 
ratus includes a housing which preferably includes a 
handgrip portion. The apparatus further includes an 
elongated portion (which may be configured for endo- 
scopic use), including an outer tubular sheath having a 
proximal end rotatably joined to the housing, and a distal 
end positionable at the region at which tissue cutting, 
coagulation, and/or clamping is to be effected. In the 
preferred embodiment, a rotation knob is mounted on 
the outer tubular sheath for effecting indexed rotation of 
the outer sheath with respect to the apparatus housing. 
[0007] An actuating member is reciprocably posi- 
tioned within the outer tubular sheath, and is operatively 
connected with the outer sheath for rotation therewith 
with respect to the housing. Reciprocation of the actu- 
ating member effects the desired operation of a clamp- 
ing mechanism of the clamp coagulator apparatus pro- 
vided at the distal end of the outer sheath. 
[0008] An ultrasonic waveguide is positioned within 
and extends the length of the outer tubular sheath. The 
ultrasonic waveguide includes an end-effector at the 
distal end thereof, with the end-effector extending dis- 
tally of the distal end of the outer tubular sheath. The 
end-effector, sometimes referred to as a "blade 0 , is ul- 
trasonically driven by a transducer of an associated ul- 
trasonic drive unit so that longitudinal ultrasonic vibra- 
tion of the end-effector effects the desired tissue cutting 
and coagulation. The waveguide can be joined for rota- 
tion together with the outer 6heath, with the drive unit 
also coupled for rotation therewith. The waveguide as 
well as the drive unit can also be rotated with respect to 
the outer tubular sheath and the clamping mechanism. 
[0009] The clamping mechanism of the clamp coag- 
ulator apparatus includes a clamp arm pivotally mount- 
ed on the distal end of the outer tubular sheath for pivotal 
movement with respect to the end-effector. Tissue is 
clamped between the clamp arm and the end-effector, 
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gical system including an ultrasonic clamp coagu- 
lator apparatus in accordance with the present in- 
vention; 

FIGURE 2 is an enlarged, fragmentary perspective 

5 view of a clamp mechanism of the clamp coagulator 
apparatus illustrated in FIGURE 1 ; 
FIGURE 3 is a side elevational view, partially in 
cross-section, of the clamp coagulator apparatus in 
accordance with the present invention, shown in op- 

10 erative association with an ultrasonic drive unit of 
the surgical system shown in FIGURE 1; 
FIGURE 4 is an enlarged, fragmentary view of the 
present ctamp coagulator apparatus with the 
clamping mechanism in an open position; 

is FIGURE 5 is an enlarged, fragmentary view of the 
present clamp coagulator apparatus with the clamp 
mechanism in a closed position; 
FIGURE 6 is an enlarged, fragmentary view of the 
present clamp coagulator apparatus illustrating the 

20 rotational movement of the end-effector relative to 
the clamp mechanism; 

FIGURE 7 is a cross-section view of the end-effec- 
tor taken about line 4A of FIGURE 6 further illustrat- 
ing the movement of the end-effector; 
2$ FIGURE 8 is an enlarged, diagrammatic view illus- 
trating an actuator collar, a rotational knob, and the 
clutch mechanism of the present clamp coagulator 
apparatus; 

FIGURE 9 is an enlarged, fragmentary view of an- 
30 other embodiment of a clamp coagulator apparatus; 
and 

FIGURE 1 0 is an enlarged, diagrammatic view illus- 
trating an actuator collar, a rotational knob, and an 
clutch mechanism of the clamp coagulator appara- 
35 tus of FIGURE 9. 



thereby ultrasonicalty coupling the tissue with the end- 
effector (when energized) or permitting grasping and 
clamping of tissue when ultrasonic energy is not being 
transmitted through the waveguide to the end-effector. 
The clamp arm is operatively connected to the recipro- 
cable actuating member of the clamp coagulator appa- 
ratus so that reciprocable movement of the actuating 
member prvotally moves the clamp arm with respect to 
the end-effector. 

[0010] Selective operation of the clamping mecha- 
nism is provided by an operating lever pivotally connect- 
ed to the apparatus housing. In the preferred embodi- 
ment, the operating lever, and associated handgrip por- 
tion of the housing are provided with a scissors-iike con- 
figuration, thus permitting convenient movement of the 
operating lever by a user's thumb. The operating lever 
is interconnected with the reciprocable actuating mem- 
ber by an actuator collar so that pivotal movement of the 
operating lever reciprocally moves the actuating mem- 
ber for pivotally moving the ctamp arm of the clamp co- 
agulator apparatus. 

[001 1 ] The clamp coagulator apparatus alsoincludes 
a detent mechanism that permits indexed rotational 
movement of the outer sheath (and preferably the 
waveguide and associated drive unit) relative to the 
housing. Notably, a clutch mechanism is provided that 
allows selective rotational movement of the waveguide 
with respect to the housing and outer sheath when the 
clutch mechanism is disengaged from the rotational 
knob. The clutch mechanism cooperatively engages 
with the rotational knob so that a selected end effector 
configuration is maintained in alignment with the clamp- 
ing member. The waveguide and end-effector, and the 
associated ultrasonic drive unit, can then be rotated as 
a unit with the clamping mechanism relative to the hous- 
ing of the apparatus. 

[0012] In order to provide the desired indexed rota- 
tional movement of the clamping mechanism, the detent 
mechanism includes at least one spring-biased detent 
in the apparatus housing, with the rotation knob defining 
a detent-receiving surface engaged by the detent and 
cooperating therewith to provide indexed rotation of the 
clamping member, and accordingly, indexed rotation of 
the outer sheath with respect to the apparatus housing. 
The detent-receiving surface of the rotational knob pref- 
erably defines a plurality of circumf erentially spaced ra- 
dial depressions therebetween for receiving the spring- 
biased detent on the housing. 
[0013] Further features and advantages of the 
present invention will become readily apparent from the 
following detailed description, the accompanying draw- 
ings, and the appended claims. 

Brief Description Of The Drawings 

[0014] 

FIGURE 1 is a perspective view of an ultrasonic sur- 



Detalled Description 

[0015] While the present invention is susceptible of 

40 embodiments in various forms, there is shown in the 
drawings and will hereinafter be described presently 
preferred embodiments, with the understanding that the 
present disclosure is to be considered as an exemplifi- 
cation of the invention, and Is not intended to limit the 

4S invention to the specific embodiments illustrated. 

[001 6] The present invention is particularly directed to 
an improved ultrasonic surgical clamp coagulator appa- 
ratus which is configured for effecting tissue cutting, co- 
agulation, and/or clamping during surgical procedures. 

so The present apparatus can readily be configured for use 
in both open surgical procedures, as well as laparoscop- 
ic or endoscopic procedures. As will become apparent 
from the following description, the present clamp coag- 
ulator apparatus is particularly configured for disposable 

55 use by virtue of its simple construction. As such, it is 
contemplated that the apparatus be used in association 
with an ultrasonic drive unit of a surgical system, where- 
by ultrasonic energy from the drive unit provides the de- 
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sired ultrasonic actuation of the clamp coagulator appa- 
ratus. It will be appreciated that a clamp coagulator ap- 
paratus can be configured for non-disposable use, and 
non-detachably integrated with an associated ultrasonic 
drive unit. However, detachable connection of the s 
present clamp coagulator apparatus with an associated 
ultrasonic drive unit is presently preferred for single-pa- 
tient use of the apparatus. 

[0017] With reference to FIGURES 1 and 3, therein is 
illustrated a presently preferred embodiment of a surgi- 
cal system, generally designated 10, which includes an 
ultrasonic clamp coagulator apparatus embodying the 
principles of the present invention. Preferred details of 
the ultrasonic generator and associated ultrasonic drive 
unit of the surgical system 1 0 will first be described, with 
subsequent detailed description of the ultrasonic surgi- 
cal clamp coagulator apparatus, including a clamp 
mechanism configured for indexed rotation, and an end- 
effector configured for rotational movement with respect 
to the clamp mechanism. 

[0018] The surgical system 10 includes an ultrasonic 
generator 30 and an associated ultrasonic surgical in- 
strument. The surgical instrument includes an ultrasonic 
drive unit, designated 50, and an ultrasonic clamp co- 
agulator apparatus 1 20 embodying the principles of the 
present invention. As will be further described, an ultra- 
sonic transducer and mounting device of the drive unit 
50, and an ultrasonic waveguide of the clamp coagulator 
apparatus 120, provide an acoustic assembly of the 
present surgical system, with the acoustic assembly 
providing ultrasonic energy for surgical procedures 
when powered by the generator 30. It will be noted that 
in some applications, the ultrasonic drive unit 50 is re- 
ferred to as a "hand piece assembly" because the sur- 
gical instrument of the surgical system 10 is configured 
such that a surgeon grasps and manipulates the ultra- 
sonic drive unit 50 during various procedures and oper- 
ations. As shown in FIGURE 1, the clamp coagulator 
apparatus 120 of the surgical system preferably in- 
cludes a scissors-like grip arrangement which facilitates 
positioning and manipulation of the instrument apart 
from manipulation of the ultrasonic drive unit 50. . 
[001 9] The generator 30 of the surgical system sends 
an electrical signal through a cable 32 at a selected ex- 
cursion, frequency, and phase determined by a control 
system of the generator 30. As will be further described, 
the signal causes one or more piezoelectric elements of 
the acoustic assembly of the surgical instrument to ex- 
pand and contract, thereby converting the electrical en- 
ergy into mechanical motion. The mechanical motion re- 
sults in longitudinal waves of ultrasonic energy that 
propagate through the acoustic assembly in an acoustic 
standing wave to vibrate the acoustic assembly at a se- 
lected frequency and excursion. An end-effector at the 
distal end of the waveguide of the acoustic assembly is 
placed in contact with tissue of the patient to transfer 
the ultrasonic energy to the tissue. As further described 
below, a surgical tool, such as, a jaw or clamping mech- 



anism, is preferably utilized to press the tissue against 
the end-effector. 

[0020] As the end-effector couples with the tissue, 
thermal energy or heat is generated as a result of fric- 
tion, acoustic absorption, and viscous losses within the 
tissue. The heat is sufficient to break protein hydrogen 
bonds, causing the highly structured protein (i.e., colla- 
gen and muscle protein) to denature (i.e., become less 
organized). As the proteins are denatured, a sticky co- 
agulum forms to seal or coagulate small blood vessels. 
Deep coagulation of larger blood vessels results when 
the effect is.prolonged. 

[0021] The transfer of the ultrasonic energy to the tis- 
sue causes other effects including mechanical tearing, 
cutting, cavitation, cell disruption, and emulsification. 
The amount of cutting as well as the degree of coagu- 
lation obtained varies with the excursion of the end-ef- 
fector, the frequency of vibration, the amount of pres- 
sure applied by the user, the sharpness of the end-ef- 
fector, and the coupling between the end-effector and 
the tissue. 

[0022] As illustrated in FIGURE 1, the generator 30 
includes a control system integral with the generator 30, 
a power switch 34, and a triggering mechanism 36. The 
power switch 34 controls the electrical power to the gen- 
erator 30, and when activated by the triggering mecha- 
nism 36, the generator 30 provides energy to drive the 
acoustic assembly of the surgical system 1 0 at a prede- 
termined frequency and to drive the end-effector at a 
predetermined excursion level. The generator 30 can 
drive or excite the acoustic assembly at any suitable res- 
onant frequency of the acoustic assembly. 
[0023] When the generator 30 is activated via the trig- 
gering mechanism 36, electrical energy is continuously 
applied by the generator 30 to a transducer stack or as- 
sembly 40 of the acoustic assembly as shown in FIG- 
URE 3. A phase-locked loop in the control system of the 
generator 30 monitors feedback from the acoustic as- 
sembly. The phase lock loop adjusts the frequency of 
the electrical energy sent by the generator 30 to match 
the resonant frequency of the selected longitudinal 
mode of vibration of the acoustic assembly including the 
tissue load. In addition, a second feedback loop in the 
control system maintains the electrical current supplied 
to the acoustic assembly at a preselected constant level 
in order to achieve substantially constant excursion at 
the end-effector of the acoustic assembly. 
[0024] The electrical signal supplied to the acoustic 
assembly will cause the distal end of the end-effector to 
vibrate longitudinally in the range of, for example, ap- 
proximately 20 kHz to 250 kHz, and preferably in the 
range of about 54 kHz to 56 kHz, and most preferably 
at about 55.5 kHz. The excursion of the vibrations at the 
end-effector can be controlled by, for example, control- 
ling the amplitude of the electrical signal applied to the 
transducer assembly 40 of the acoustic assembly by the 
generator 30. 

[0025] As noted above, the triggering mechanism 36 
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of the generator 30 allows a user to activate the gener- . 
ator 30 so that electrical energy may be continuously 
supplied to the acoustic assembly. The triggering mech- 
anism 36 preferably comprises a foot activating switch 
that is detachably coupled or attached to the generator s 
30 by a cable or cord. Alternatively, the triggering mech- 
anism can be configured as a hand switch incorporated 
in the ultrasonic drive unit 50 to allow the generator 30 
to be activated by a user. 

[0026] The generator 30 also has a power line 38 for 
insertion in an electro-surgical unit or conventional elec- 
trical outlet. It is contemplated that the generator 30 can 
also be powered by a direct current (DC) source, such 
as a battery. The generator 30 can comprise any suita- 
ble generator, such as Model No. GENOt, available 
from Ethicon Endo-Surgery, Inc. 
[0027] Referring to FIGURES. 1 and 3, the ultrasonic 
drive unit 50 of the surgical instrument includes a multi- 
piece housing 52 adapted to isolate the operator from 
the vibrations of the acoustic assembly. The drive unit 
housing 52 can be shaped to be held by a user in a con- 
ventional manner, but it is contemplated that the present 
clamp coagulator apparatus 120 principally be grasped 
and manipulated by a scissors-like arrangement provid- 
ed by a housing of the clamp coagulator apparatus, as 
will be described below. While the multi-piece housing 
52 is illustrated, the housing 52 may comprise a single 
or unitary component. 

[0028] The housing 52 of the ultrasonic drive unit 50 
generally includes a proximal end, a distal end, and a 
cavity extending longitudinally therein. The distal end of 
the housing 52 includes an opening 60 configured to al- 
low the acoustic assembly of the surgical system 10 to 
extend therethrough, and the proximal end of the hous- 
ing 52 is coupled to the generator 30 by a cable 32. The 
cable 32 preferably includes ducts or vents 62 to allow 
air to be introduced into the housing 52 of the ultrasonic 
drive unit 50 to cool the transducer assembly 40 of the 
acoustic assembly. 

[0029] The housing 52 of the ultrasonic drive unit 50 
is preferably constructed from a durable plastic, such as 
Ultem®. It Is also contemplated that the housing 52 may 
alternatively be made from a variety of materials includ- 
ing other plastics (i.e. liquid crystal polymer (LCP). ny- 
lon, or polycarbonate). A suitable ultrasonic drive unit 
50 is Model No. HP050, available from Ethicon Endo- 
Surgery, Inc. 

[0030] As shown in FIGURE 3, the acoustic assembly 
includes the transducer stack or assembly 40 and a 
mounting device B4 which are preferably carried by the 
ultrasonic drive unit 50, and a transmission component 
or working member, referred to herein as the waveguide 
having an end-effector, which are carried by the ultra- 
sonic clamp coagulator apparatus. The components of 
the acoustic assembly are preferably acoustically tuned 
such that the length of each component is an integral 
number of one-half wavelengths (nV2), where the 
wavelength X, is the wavelength of a preselected or op- 



erating longitudinal vibration frequency f 0 of the acoustic 
assembly, and n is any non-negative integer. It is also 
contemplated that the acoustic assembly may incorpo- 
rate any suitable arrangement of acoustic elements. 
[0031] The transducer assembly 40 of the acoustic 
assembly converts the electrical signal from the gener- 
ator 30 into mechanical energy that results in longitudi- 
nal vibratory motion of the end-effector at ultrasonic fre- 
quencies. When the acoustic assembly is energized, a 
vibratory motion standing wave is generated through the 
acoustic assembly. The excursion of the vibratory mo- 
tion at any point along the acoustic assembly depends 
on the location along the acoustic assembly at which the 
vibratory motion is measured. A minimum or zero cross- 
ing in the vibratory motion standing wave is generally 
referred to as a node (i.e., where motion is usually min- 
imal), and an absolute value maximum or peak in the 
standing wave is generally referred to as an anti-node. 
The distance between an anti-node and its nearest node 
is one-quarter wavelength (A/4). 
[0032] As shown in FIGURE 3, the transducer assem- 
bly 40 of the acoustic assembly, which is also known as 
a "Langevin stack", generally includes a transduction 
portion 90, a first resonator 92, and a second resonator 
94. The transducer assembly is preferably an integral 
number of one-half system wavelengths (nX/2) in length. 
It is to be understood that the present invention may be 
alternatively configured to include a transducer assem- 
bly comprising a magnetostrictive, electromagnetic or 
electrostatic transducer. 

[0033] The distal end of the first resonator 92 is con- 
nected to the proximal end of transduction section 90, 
and the proximal end of the second resonator 94 is con- 
nected to the distal end of transduction portion 90. The 
first and second resonators 92 and 94 are preferably 
fabricated from titanium, aluminum, steel, or any other 
suitable material, and most preferably, the first resona- 
tor 92 is fabricated from 303 stainless steel and the sec- 
ond resonator 94 is fabricated from 7075-T651 Alumi- 
num. The first and second resonators 92 and 94 have 
a length determined by a number of variables, including 
the length of the transduction section 90, the speed of 
sound of the material used in the resonators 92 and 94, 
and the desired fundamental frequency f 0 of the trans- 
ducer assembly 40. The second resonator 94 can be 
tapered inwardly from Its proximal end to its distal end 
to function as a velocity transformer and amplify the ul- 
trasonic vibration excursion. 

[0034] The transduction portion 90 of the transducer 
assembly 40 preferably comprises a piezoelectric sec- 
tion of alternating positive electrodes 96 and negative 
electrodes 98, with piezoelectric elements 100 alternat- 
ing between the electrodes 96 and 98. The piezoelectric 
elements 100 can be fabricated from any suitable ma- 
terial, such as, for example, lead zirconate-titanate, lead 
meta-niobate, lead titanate, or other piezoelectric mate- 
rial. Each of the positive electrodes 96, negative elec- 
trodes 98, and piezoelectric elements 100 have a bore 
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extending through the center. The positive and negative 
electrodes 96 and 98 are electrically coupled to wires 
1 02 and 1 04, respectfully. The wires 1 02 and 1 04 trans- 
mit the electrical signal from the generator 30 to elec- 
trodes 96 and 98. 

[0035] As illustrated in FIGURE 3, the piezoelectric el- 
ements 100 are held in compression between the first 
and second resonators 92 and 94 by a bolt 1 06. The bolt 
1 06 preferably has a head, a shank, and a threaded dis- 
tal end. The bolt 106 is inserted from the proximal end 
of the first resonator 92 through the bores of the first 
resonator 92, the electrodes 96 and 98, and the piezo- 
electric elements 100. The threaded distal end of the 
bolt 1 06 is screwed into a threaded bore in the proximal 
end of second resonator 94. The bolt can be fabricated 
from steel, titanium, aluminum, or other suitable material 
and is preferably fabricated from Ti-6A1-4V Titanium, 
and most preferably from 4037 tow alloy steel. 
[0036] The piezoelectric elements 100 are energized 
in response to the electrical signal supplied from the 
generator 30 to produce an acoustic standing wave in 
the acoustic assembly. The electrical signal causes an 
electro-magnetic field across the piezoelectric elements 
100, causing the piezoelectric elements 100 to expand 
and contract in a continuous manner along the axis of 
the voltage gradient, producing high frequency longitu- 
dinal waves of ultrasonic energy. The ultrasonic energy 
is transmitted through the acoustic assembly to the end- 
effector. 

[0037] The mounting device 84 of the acoustic as- 
sembly has a proximal end, a distal end, and preferably 
has a length substantially equal to an integral number 
of one-half system wavelengths. The proximal end of 
the mounting device 84 is preferably axially aligned and 
coupled to the distal end of the second resonator 94 by 
a threaded connection near an anti-node. (For purposes 
of this disclosure, the term "near" is defined as "exactly 
at" or "in close proximity to". ) It is also contemplated that 
the mounting device 84 may be attached to the second 
resonator 94 by any suitable means, and the second 
resonator 94 and mounting device 84 may be formed as 
a single or unitary component. 
[0038] The mounting device 84 is coupled to the hous- 
ing 52 of the ultrasonic drive unit 50 near a node. The 
mounting device 84 preferably includes an integral 
mounting flange 108 disposed around its periphery. The 
mounting flange 108 is preferably disposed in an annu- 
lar groove 1 1 0 formed in the housing 52 of the ultrasonic 
drive unit 50 to couple the mounting device 84 to the 
housing 52. A compliant member or material 11 2, such 
as a pair of silicone rubber O-rings attached by stand- 
offs, may be placed between the annular groove 110 of 
the housing 52 and the integral flange 1 08 of the mount- 
ing device 64 to reduce or prevent ultrasonic vibration 
from being transmitted from the mounting device 84 to 
the housing 52. 

[0039] The mounting device 84 is preferably secured 
in a predetermined axial position by a plurality of pins 



1 1 4, preferably four. The pins 1 1 4 are disposed in a lon- 
gitudinal direction and ninety (90) degrees apart from 
each other around the outer periphery of the mounting 
device 84. The pins 114 are coupled to the housing 52 
of the ultrasonic drive unit 50 and are disposed through 
notches in the flange 108 of the mounting device 84. 
The pins 114 are preferably fabricated from stainless 
steel. 

[0040] The mounting device 84 is preferably config- 
ured to amplify the ultrasonic vibration excursion that is 
transmitted through the acoustic assembly to the distal 
end of the end-effector. In one preferred embodiment, 
the mounting device 84 comprises a solid, tapered horn. 
As ultrasonic energy is transmitted through the mount- 
ing device 84, the velocity of the acoustic wave trans- 
mitted through the mounting device 84 is amplified. It is 
contemplated that the mounting device 84 can be con- 
figured as any suitable shape, such as, for example, a 
stepped horn, a conical horn, an exponential horn, a uni- 
tary gain horn, or the like. 

[0041] As shown in FIGURE 3, the mounting device 
84 is preferably acoustically coupled to the waveguide 
180 which is carried by the ultrasonic clamp coagutator 
apparatus 120. The distal end of the mounting device 
84 is preferably coupled to the proximal end of the 
waveguide 180 by a threaded connection near an anti- 
node, but alternative coupling arrangements can be em- 
ployed. 

[0042] Referring now to FIGURE 4, an enlarged frag- 
mentary view of the ultrasonic clamp coagulator appa- 
ratus 1 20 of the surgical system 1 0 with the clamp mech- 
anism in an open position is illustrated. The proximal 
end of the ultrasonic clamp coagulator apparatus 120 
preferably receives and is fitted to the distal end of the 
ultrasonic drive unit 50 by insertion of the drive unit into 
the housing of the clamp coagulator apparatus. The ul- 
trasonic clamp coagulator apparatus 120 is preferably 
attached to and removed from the ultrasonic drive unit 
50 as a unit. The ultrasonic clamp coagulator apparatus 
120 can be disposed of after a single use. 
[0043] The ultrasonic clamp coagulator apparatus 
120 preferably includes a handle assembly or a housing 
130, preferably comprising mating housing portions, 
and an elongated, or endoscopic portion 150. The elon- 
gated portion 1 50 of the ultrasonic clamp coagulator ap- 
paratus 120 extends orthogonally from the housing 130. 
The elongated portion 150 can be selectively rotated 
with respect to the housing 1 30 as further described be- 
low. When the clamp coagulator apparatus is configured 
for endoscopic use, the construction can be dimen- 
sioned such that endoscopic portion 1 50 has an outside 
diameter of about 5.5 mm. 

[0044] As illustrated in FIGURES 1 , 3, and 4, the elon- 
gated portion 150 preferably includes an outer tubular 
member or sheath 160, an inner tubular actuating mem- 
ber 170, and the waveguide 180 having an end-effector 
180'. As will be described, the outer sheath 160, the ac- 
tuating member 170, and the waveguide 180 are pref- 
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erably joined together for indexed rotation as a unit (to- 
gether with ultrasonic drive unit 50) relative to housing 
130. The waveguide 180 is also configured for rotation 
with respect to the outer sheath 160 and the clamp 
mechanism. 

[0045] As illustrated in FIGURE 4, the proximal end 
of the waveguide 180 of the acoustic assembly is pref- 
erably detachably coupled to the mounting device 84 of 
the ultrasonic drive unit 50 near an anti-node as de- 
scribed above. The waveguide 180 preferably has a 
length substantially equal to an integer number of one- 
half system wavelengths (nA/2). The waveguide 180 is 
preferably fabricated from a solid core shaft constructed 
out of material which propagates ultrasonic energy effi- 
ciently, such as titanium alloy (i.e., Ti-6A1 -4V) or an alu- 
minum alloy. It is contemplated that the waveguide 180 
can alternatively be fabricated from any other suitable 
material 

[0046] The waveguide is preferably substantially 
semi-flexible. It will be recognized that the waveguide 
can alternatively be substantially rigid or may comprise 
a flexible wire. The waveguide may be configured to am- 
plify the mechanical vibrations transmitted through the 
waveguide to the end-effector as is well known in the art. 
[0047] The waveguide 180 can have any suitable 
cross-sectional dimension. For example, the waveguide 
may have a substantially uniform cross-section or the 
waveguide may be tapered at various sections or may 
be tapered along its entire length. The waveguide may 
further have features to control the gain of the longitu- 
dinal vibration along the waveguide and features to tune 
the waveguide to the resonant frequency of the system. 
[0048] As shown in FIGURE 4, the waveguide 180 
generally has a first section 182, a second section 184, 
and a third section 186. The first section 182 of the 
waveguide extends distally from the distal end of the 
mounting device 84, and has a substantially continuous 
cross-section dimension. 

[0049] The first section 182 preferably includes at 
least one radial hole or aperture 188 extending diamet- 
rically therethrough, substantially perpendicular to the 
axis of the waveguide 180. The aperture 188 is prefer- 
ably positioned at a node, but may be otherwise posi- 
tioned. It will be recognized that the aperture 168 may 
have any suitable depth and may be any suitable shape. 
The aperture is configured to receive a connector pin 
member which connects or couples the waveguide 180 
to a reciprocable clutch mechanism 220 as further de- 
scribed below. 

[0050] The second section 1 84 of the waveguide 1 80 
extends distally from the first section 182. The second 
section 164 preferably also has a substantially continu- 
ous cross-section. The diameter of the second section 
184 is smaller than the diameter of the first section 182 
and larger than the diameter of the third section 186. As 
ultrasonic energy passes from the first section 182 of 
the waveguide 180 into the second section 184, the nar- 
rowing of the second section 184 will result in an in- 



creased amplitude of the ultrasonic energy passing 
therethrough. 

[0051] The third section 186 extends distally from the 
distal end of the second section 184. The third section 

s 186 also has a substantially continuous cross-section. 
The third section 186 may also include small diameter 
changes along its length. As ultrasonic energy passes 
from the second section 184 of the waveguide 180 into 
the third section 186, the narrowing of the third section 

io 1 86 will result in an increased amplitude of the ultrasonic 
energy passing therethrough. 
[0052] The third section 186 may have a plurality of 
grooves or notches (not shown) formed in its outer cir- 
cumference. The grooves may be located at nodes of 

15 the waveguide 1 80 to act as alignment indicators for the 
installation of a damping sheath (not shown) and stabi- 
lizing silicone rings or compliant supports during manu- 
facturing. A seal is preferably provided at the distal-most 
node, nearest the end-effector 180', to abate passage 

20 of tissue, blood, and other material in the region be- 
tween the waveguide and actuating member 170. 
[0053] The end-effector 1 80' of the waveguide 1 80 is 
preferably integral therewith and formed as a single unit. 
The end-effector may alternately be connected by a 

25 threaded connection, or by a welded joint. The distal end 
of the end-effector is disposed near an anti-node in or- 
der to tune the acoustic assembly to a preferred reso- 
nant frequency f 0 when the acoustic assembly is not 
loaded by tissue. When the transducer assembly is en- 

30 ergized, the distal end of the end-effector is configured 
to move longitudinally in the range of, for example, ap- 
proximately 1 0-500 microns peak-to-peak, and prefera- 
bly in the range of about 10 to about 100 microns at a 
predetermined vibrational frequency f 0 . 

35 [0054] With particular reference to FIGURE 2, therein 
is illustrated the clamping mechanism of the present 
clamp coagulator apparatus 1 20, which is configured for 
cooperative action with the end-effector 180' of the 
waveguide 180. The clamping mechanism includes a 

40 pivotally movable clamp arm 1 90, which is prvotally con- 
nected at the distal end of outer tubular sheath 160. A 
clamp pad 192, preferably formed from Teflon or other 
suitable low-friction material, is mounted on the surface 
of the clamp arm for cooperation with the end-effector 

45 160', with pivotal movement of the clamp arm position- 
ing the clamp pad in substantially parallel relationship 
to. and in contact with, the end-effector 1 80'. By this con- 
struction, tissue to be clamped is grasped between the 
pad 1 92 and the end effector 1 80*. 

50 [0055] As illustrated, the pad 1 92 of the clamp mech- 
anism is preferably provided with a sawtooth-like con- 
figuration to enhance the gripping of tissue In coopera- 
tion with the end-effector 180*. It is also contemplated 
that the pad can have a longitudinal groove (i.e., a U- 

55 shaped or V-shaped groove) along its length and re- 
cessed among the sawtooth-like configuration. As fur- 
ther described be tow, the end-effector 180 1 can be ro- 
tated with respect to the clamp arm 190 to position a 
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narrow or sharp edge 1 91 a or a broad edge 1 91 b of the 
end-effector 180* in alignment with the clamp pad 192. 
[0056] Pivotal movement of the clamp arm 1 90 with 
respect to the end-effector 1 80* is effected by the provi- 
sion of at least one, and preferably a pair of lever por- 
tions 193 of the clamp arm 190 at the proximal end 
thereof. The lever portions are positioned on respective 
opposite sides of the end-effector 180", and are in oper- 
ative engagement with a drive portion 1 94 of the recip- 
rocable actuating member 170. Reciprocable move- 
ment of the actuating member, relative to the outer tu- 
bular sheath 160 and the end-effector 180', thereby ef- 
fects pivotal movement of the clamp arm relative to the 
end-effector. The lever portions 1 93 can be respectively 
positioned in a pair of openings defined by the drive por- 
tion 194, or otherwise suitably mechanically coupled 
therewith, whereby reciprocable movement of the actu- 
ating member 170 acts through the drive portion 194 
and lever portions 1 93 to pivot the clamp arm. 
[0057] With particular reference to FIGURES 3. 4, 5, 
and 8, reciprocable movement of the actuating member 
1 70 is effected by the provision of an actuator collar 200 
reciprocally and rotatably mounted in the housing 130 
of the clamp coagulator apparatus 120. The actuator 
collar 200 is coupled to the proximal end of the actuating 
member 170 by a pair of connecting pins 202 (see FIG- 
URE 4) for conjoint rotation. The actuator collar 200 in- 
cludes a pair of axially spaced apart circumferential 
flanges 204 defining a circumferential groove 206 (see 
FIGURE 5). 

[0058] The actuator collar 200 is operatively connect- 
ed with the operating lever 222 of the clamp coagulator 
apparatus 120. The operating lever includes a drive 
member or trigger actuator 230 that is interconnected 
with the reciprocable actuating collar 200 (see FIGURE 
5). The operating lever 222 is pivotally connected to the 
housing 130 of the clamp coagulator apparatus (by a 
pivot mount 223) for cooperation in a scissors-like fash- 
ion with a handgrip portion 224 of the housing. 
[0059] The drive member 230 of the operating lever 
222 includes a drive lug 232 that fits in the circumferen- 
tial groove 206 of the actuator collar 200 to reciprocate 
the actuator collar 200 when the lever 222 is moved. As 
shown in FIGURE 5, movement of lever 222 toward 
handgrip portion 224 moves the drive member 230 and 
the actuator collar 200 to cause the connecting pins 202 
to slide the actuating member 170 proximally, thereby 
pivoting clamp arm 190 toward end-effector 180'. When 
the operating lever 222 is moved away from the hand- 
grip portion 224, drive member 230 and the actuating 
collar 200 move to cause the actuating member 170 to 
slide forwardly to open the clamp mechanism as shown 
in FIGURE 4. 

[0060] The drive member 230 of the operating lever 
also includes a rotational lockout member 242 to fit with- 
in notches 244 formed in a circumferential flange 246 
(see FIGURE 8) of the clutch mechanism 220 and a ro- 
tational lockout member 248 to fit within notches 250 



formed in a circumferential flange 252 of the actuator 
collar 200 t the lockout members 242 and 248 prevent 
rotation of the endoscopic portion 150 of the clamp co- 
agulator apparatus when the clamp arm is in a cbsed- 

5 position as shown in FIGURE 5. When the operating le- 
ver 222 is moved away from the handgrip portion to 
open the clamp mechanism, the lockout members 242 
and 248 move out of the notches 244 and 250, respec- 
tively, to allow rotation of the end-effector with the clamp 

io mechanism. 

[0061] Operative connection of the drive member 230 
with the thumb-receiving portion of the operating lever 
222 is provided by a limiter spring 260, preferably com- 
prising a compression coil spring. The spring 260 fits 

is within a spring slot 262 defined by the drive member 
230, which in turn is positioned between a pair of spring 
retainer flanges 264 of the operating lever 222. The 
drive member 230 is pivotally movable with respect to 
the spring flanges 264 (about pivot mount 223 of hous- 

20 ing 130) in opposition to the compression coil spring, 
which bears against the surfaces of spring slots defined 
by each of the spring flanges 264. In this manner, the 
force which can be applied to the actuating member 1 70, 
by pivotal movement of operating lever 222 acting 

25 through drive member 230 and the actuator collar 200, 
is limited by the force with which spring 260 bears 
against the spring flanges 264. Application of excessive 
force results in pivotal displacement of drive member 
230 relative to the spring flanges 264 of the operating 

30 lever 222 in opposition to the spring 260. In a presently 
preferred embodiment, the spring 260 is selected to limit 
clamping force at clamp arm 190 to approximately 2 
pounds. Stop portions of housing 130 limit the travel of 
operating lever 222 to prevent excessive compression 

35 of spring 260. 

[0062] A rotation knob 270 is preferably mounted on 
the outer tubular sheath 170 to facilitate rotational posi- 
tioning of the elongated portion 150 with respect to the 
housing 130 of the clamp coagulator apparatus. As 

40 shown in FIGURE 8, the proximal end of the rotation 
knob 270 preferably includes a pair of elongated oppos- 
ing openings or slots 272 to cooperatively engage with 
suitable locking dogs 274 at the distal end of the clutch 
mechanism 220. The clutch mechanism 220 is normally 

45 biased by a spring member 280 to cause the locking 
dogs 274 to drivingly interconnect with the opposing 
slots 272 of the rotational knob 270 as shown in FIG- 
URES 4 and 7. The spring member 280 is disposed be- 
tween the circumferential flange 246 of the clutch mech- 

50 anism 220 and a wall of the housing 1 30. Preferably, the 
spring member 280 comprises a compression coil 
spring. The clutch mechanism is that configured to in- 
clude a drive surface (provided by dogs 274) which is 
driven by the associated slots 272 of knob 270. 

55 [0063] The elongated slots 272 of the rotational knob 
270 permit the connector pins 202 to extend there- 
through and to accommodate reciprocable movement 
of the connector pins when the actuating collar 200 is 
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axially moved relative to the waveguide 180. When the 
elongated slots 272 of the knob 270 are interconnected 
with the locking dogs 274 of the clutch mechanism 220, 
rotation of the rotation knob 270 enables the elongated 
portion 150 including the clamp mechanism and the 
end-effector 180', and the associated ultrasonic drive to 
be turned as a unit to a selected or desired angular po- 
sition. 

[0064] The elongated portion 1 50 of the clamp coag- 
ulator apparatus 120 can be rotatably indexed by the 
provision of a detent mechanism incorporated in the 
clamp coagulator apparatus. The rotational knob 270 in- 
cludes an axial flange 292 defining a detent-receiving 
surface. The detent-receiving surface defines a plurality 
of circumferentially spaced detent-receiving depression 
or recesses 294 generally about the periphery of the 
flange 292 of the rotational knob 270. In the illustrated 
embodiment, eight (8) recesses 294 are shown. How- 
ever, it is contemplated that twelve (12) of the depres- 
sions 294 can be provided, thereby providing indexed 
positioning of the elongated portion 1 50 of the apparatus 
at 30° intervals relative to the housing 130 of the clamp 
coagulator apparatus. 

[0065] Indexed rotational movement is further 
achieved by the provision of at least one detent 296 in 
the housing of the clamp coagulator apparatus. The de- 
tent 296 preferably comprises a ball that is biased into 
engagement with the flange 292 of the rotational knob 
270 by a spring member 293 (i.e., a coil spring) for en- 
gagement with the depressions thereof. The ball coop- 
erates with the radial depressions defined by the rota- 
tional knob 270 to resist relative rotational torque less 
than about 5-20 inch-ounces. As such, the elongated 
portion 150 of the clamp coagulator apparatus is main- 
tained in any of its selected indexed rotational positions, 
relative to housing 1 30, unless a torque is applied (such 
as by rotation knob) exceeding this predetermined 
torque level. 

[0066] When the proximal end of the rotational knob 
270 is engaged with the distal end of the clutch mecha- 
nism 220 and the rotation knob 270 is turned, the end- 
effector 1 80' and clamp arm 1 90 are rotated simultane- 
ously. When the drive unit 50 is pulled proximally to com- 
press the spring 280 and to disengage the dogs 274 of 
the clutch mechanism 220 from the elongated slots 272 
of rotation knob 270 as shown in FIGURE 6, the drive 
unit 50 can be turned to rotate the end-effector 180* to 
selectively orient an edge of the end-effector 180* with 
respect to the clamp arm 1 90 of the clamp mechanism. 
A connector pin 299 preferably joins the clutch mecha- 
nism 220 to the waveguide 180 for rotation together rel- 
ative to housing 130. 

[0067] When the drive unit 50 is rotated approximately 
one-hundred eighty (180) degrees, the dogs 274 of the 
clutch mechanism 220 can be reengaged in the elon- 
gated slots 272 of the rotational knob 270. Thus, a user 
can turn the drive unit 50 to rotate the waveguide 180 
including the end-effector 180 1 (sometimes referred to 



as a blade) with respect to the clamp mechanism 220 
to orient the narrow edge 1 91 a or the broad edge 191b 
of the end-effector 1 80' with thepad of the clamp mech- 
anism. This allows the surgeon to create different tissue 

5 effects by utilizing different configurations of the end-ef- 
fector 180' without replacing the end-effector 180' or 
changing the clamp coagulator apparatus. For example, 
the broad edge 1 91 b of the end-effector 1 80' coagulates 
more than it cuts, while the narrow surface 191a cuts 

to faster but still causes coagulation of the tissue. It will be 
recognized that the end-effector 1 80' can have any suit- 
able number of edges to cut or coagulate tissue (i.e., the 
end effector has three edges 120 degrees apart, four 
edges 90 degrees apart, etc.). The end-effector 180' 

*5 may also receive suitable surface treatment, as is 
known in the art. After re-engagement of the clutch 
mechanism with the rotational knob 270, the clamp 
mechanism of the apparatus, the waveguide (including 
end-effector 180*) and the associated ultrasonic drive 

20 unit 50 can be rotated, as a unit, with respect to housing 
1 30. Such rotation is permitted prior to the operating le- 
ver 222 being moved, since lockout members 242 and 
248 are respectively disengaged from notches 244 (of 
clutch mechanism 220) and notches 250 (of flange 252). 

25 Notches 244 and 250 are aligned and correspond in 
number with detent recesses 294 so that lockout mem- 
bers 242 and 248 can be respectively in the notches 244 
and 250 in each of the indexed positions of the clamping 
mechanism and waveguides. 

30 [0068] Referring now to FIGURES 9 and 10, another 
embodiment of a surgical system 400 is illustrated. The 
surgical system 400 corresponds, in many respects, in 
construction and function to the previously described 
surgical system of FIGURE 1. Components of the sur- 

35 gical system 400 which generally corresponds to those 
components of the surgical system 100 of FIGURE 1 
are designated at in the four-hundred series. In this al- 
ternate embodiment, locking dogs 472 are provided on 
a rotational knob 470, while slots 474 for receiving the 

40 dogs 472 are provided on a reciprocable clutch mecha- 
nism 420. Thus, the driven surface of the clutch mech- 
anism is provided by slots 494. 
[0089] As shown in FIGURE 10, the rotational knob 
470 in FIGURE 10 of the clamp coagulator apparatus 

45 has locking dogs 472 that interconnect with opposing 
slots 474 of the clutch mechanism 420. When the drive 
unit is rotated, the elongated portion is rotated causing 
the end-effector and clamp arm to turn together. When 
the drive unit is moved rearwardly, the clutch mecha- 

60 nism 420 slides rearwardly compressing the spring 
member 480 and disconnecting the opposing stats 474 
from the dogs 472 of the knob 470. Thus, a selected 
edge of the end effector can be rotated into a desired 
operative position with respect to the clamp mechanism. 

55 [0070] Referring now to FIGURES 1 -4, the operation 
of the surgical system will be described below When 
the physician is ready to use the clamp coagulator ap- 
paratus 120, the physician 6imply attaches the clamp 
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coagulator apparatus 1 20 onto the drive unit 60. In order 
to join the clamp coagulator apparatus to the ultrasonic 
drive unit 50 in ultrasonic-transmitting relationship, the 
proximal portion of the outer tubular sheath 160 is pref- 
erably provided with a pair of wrench flats (not shown). 
The wrench flats allow torque to be applied by a suitable 
torque wrench or the like to thereby permit the 
waveguide 180 to be joined to the mounting device of 
the ultrasonic drive unit 50. 

[0071] The surgeon can then rotate the rotational 
knob 270 to adjust the end-effector 180' and the clamp 
mechanism at a desired angular position. The ultrasonic 
drive unit, as well as the elongated portion 1 50, are thus 
rotatable, as a unit, by suitable manipulation of the ro- 
tation knob 270, relative to the housing 130 of the ap- 
paratus. As the knob 270 is rotated, the ball of the detent 
mechanism slips over the recesses of the flange of the 
knob 270 into adjacent recesses. As a result, the sur- 
geon can position and maintain the clamp mechanism 
and end-effector at a desired orientation. 
[0072] Once the clamp coagulator apparatus 120 is 
attached to the drive unit 50, the surgeon may rotate the 
end effector 180' with respect to the clamp mechanism 
to position a desired edge of the end effector in opposi- 
tion to the clamp pad of the clamp arm. With the clamp 
arm in an open position, the surgeon can pull back on 
the drive unit 50 to compress the spring member 280 
and disengage the dogs 274 of the clutch mechanism 
220 from the slots 272 of the rotational knob 270. The 
surgeon can then rotate the drive unit 50 relative to the 
housing 1 30 of the clamp coagulator apparatus until the 
dogs 274 are biased back into the slots 272 by the spring 
member 280 thereby positioning a selected blade edge 
in operation with the clamp arm. 
[0073] The surgeon can then move the surgical instru- 
ment to the surgical site. The end-effector 180' can then 
be inserted into an incision or port in the body of a patient 
to deliver ultrasonic energy to selected tissue. The 
clamp arm can be operated by moving the operating le- 
ver 222. When the operating lever 222 Is moved toward 
the finger grip, the actuator collar 200 slides toward the 
handgrip portion to move the actuating member 170 
rearwardly, thereby pivoting the clamping mechanism 
into its closed position. The movement of the operating 
lever 222 in the opposite direction moves the actuator 
collar 200 to cause the actuator member to slide in the 
opposite direction, i.e., forwardly, and hence pivot the 
clamping mechanism into its open position. The clamp 
mechanism can be rotated with respect to the housing 
and the end-effector can be rotated with respect to the 
clamp mechanism as desired by the surgeon. 
[0074] Thus, the present surgical clamp coagulator 
apparatus is configured for highly efficient and versatile 
use, with the construction being sufficiently straight-for- 
ward and economical in configuration to permit single- 
patient use. Components of the apparatus can be fab- 
ricated from materials suited for surgical applications. 
By virtue of the detent mechanism provided by cooper- 



ation of the rotational knob, selective angular positioning 
of the elongated portion of the apparatus, and the asso- 
ciated ultrasonic drive unit, is readily effected with re- 
spect to the housing of the apparatus. The detent mech- 

s anism resists rotation of the ultrasonic drive unit, and 
associated cable assembly, with respect to the housing 
130 with the resistance to rotation readily and conven- 
iently overcome by application of sufficient torque via 
rotation knob 216. 

io [0075] The clutch mechanism allows rotation of the 
end-effector with respect to the clamp arm to align a de- 
sired edge of the end-effector with the clamp pad, with 
the clamping mechanism, ultrasonic waveguide, and ul- 
trasonic drive unit thereafter be selectively rotatably po- 

is sitioned in an indexed fashion with respect to the appa- 
ratus housing. The scissors-like action provided by piv- 
otal operating lever and cooperating handgrip portion fa- 
cilitates convenient and efficient manipulation and posi- 
tioning of the apparatus, and operation of the clamping 

20 mechanism at the distal portion of the apparatus where- 
by tissue is efficiently urged against the end-effector. 
[0076] The surgical system can be used to coagulate 
and cut tissue when ultrasonic energy is applied, grasp 
tissue without application of ultrasonic energy, coagu- 

25 late/cut with the clamp assembly open and tissue un- 
damped, probe or manipulate tissue without application 
of ultrasonic energy, and to dissection tissue with the 
clamp mechanism closed. 

[0077] From the foregoing, it will be observed that nu- 
30 merous modifications and variations can be effected 
without departing from the true spirit and scope of the 
novel concept of the present invention. It is to be under- 
stood that no limitation with respect to the specific em- 
bodiment illustrated herein is intended or should be in- 
35 ferred. The disclosure is intended to cover, by the ap- 
pended claims, all such modifications as fall within the 
scope of the claims. 

40 Claims 

1. An ultrasonic surgical instrument comprising: 

a clamp coagulator apparatus having a hous- 
45 ing; 

a drive unit attachable to the housing; 

an outer tubular sheath having a proximal end 

rotatably joined to said housing, and a distal 

end; 

50 an actuating member reciprocally positioned 

within said outer tubular sheath to rotate there- 
with with respect to said housing; 
an ultrasonic waveguide positioned within said 
outer tubular sheath and having an end-effector 

55 extending distally of said distal end of said outer 

tubular sheath; 

a clamp arm pivotally mounted on said distal 
end of said outer tubular sheath to pivotally 
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move with respect to said end-effector to clamp 7. 
tissue between said clamp arm and said end- 
effector, said clamp arm being pivotally con- 
nected to said actuating member so that recip- 
rocable movement of said actuating member & 
pivotally moves said clamp arm with respect to 
said end-effector; 

an operating lever pivotally mounted on said 
housing; 

an actuator collar interconnecting said operat- 10 
ing lever with said actuating member so that 
pivotal movement of said operating lever recip- 
rocally moves said actuating member for pivot- 
ally moving said clamp arm; 
a rotational knob mounted on the outer tubular 1$ 
sheath to effect rotation of the outer sheath; and 
a clutch mechanism coupled to the waveguide 
for rotational movement therewith, the clutch 
mechanism having a distal end to cooperatively 
engage with the rotational knob such that rota- 20 
tional movement of the knob causes rotational 
movement of the clutch mechanism, the 
waveguide, and the clamp arm, the clutch 
mechanism also being movable to be disen- 
gaged from the rotational knob when the drive 25 
unit is moved proximally such that rotation of 
the drive unit rotates the clutch mechanism to 
turn the waveguide relative to the clamp arm. 

2. The ultrasonic surgical apparatus in accordance so 
with claim 1 , including at least one detent member 

to index the rotational movement of the rotational 
knob and tubular outer sheath with respect to said 
housing. 

35 

3. The ultrasonic surgical apparatus in accordance 
with claim 1 , wherein one of said clutch mechanism 
and said rotational knob includes a dog, and the oth- 
er includes an opening for receiving said dog. 

40 

4. The ultrasonic surgical apparatus in accordance 

with claim 1 , wherein the actuator collar includes a 8. 
pair of circumferential flanges defining a circumfer- 
ential sbt. 

45 

5. The ultrasonic 6urgical apparatus in accordance 

with claim 4, wherein the operating lever includes a 9. 
drive lug cooperating with the circumferential slot to 
reciprocally move the actuator collar. 

so 

6. The ultrasonic surgical apparatus in accordance 
with claim 1, wherein the operating lever includes 

at least one lockout member, the lockout member 10. 
cooperating with one of the clutch mechanism and 
the actuator collar to prevent movement of the 55 
waveguide when the clamp arm is in a closed posi- 
tion. 



An ultrasonic surgical clamp coagulator apparatus 
comprising: 

a housing; 

an outer sheath having a proximal end rotatably 
joined to said housing, and a distal end; 
a rotational knob mounted on said outer sheath 
to effect rotation of the outer sheath with re- 
spect to said housing; 

an actuating member reciprocally positioned 
within said outer tubular sheath to rotate there- 
with with respect to said housing; 
an ultrasonic waveguide positioned within said 
outer tubular sheath and having an end-effector 
extending distally of said distal end of said outer 
tubular sheath; 

a clamp arm pivotally mounted on said distal 
end of said outer tubular sheath to pivotally 
move with respect to said end-effector to clamp 
tissue between said clamp arm and said end- 
effector, said clamp arm being operativery con- 
nected to said actuating member so that recip- 
rocable movement of said actuating member 
pivotally moves said clamp arm with respect to 
said end-effector; 

an operating lever pivotally mounted on said 
housing; 

an actuator collar interconnecting said operat- 
ing lever with said actuating member so that 
pivotal movement of said operating lever recip- 
rocally moves said actuating member for pivot- 
ally moving said clamp arm; and 
a clutch mechanism having a driven surface bi- 
ased against the rotational knob so that rotation 
of the knob moves the clamp arm and 
waveguide relative to the housing, the clutch 
mechanism reciprocally movable to disengage 
the driven surface from the rotational knob so 
that rotation of the clutch mechanism rotates 
the end effector with respect to the clamp arm. 

The ultrasonic surgical clamp apparatus in accord- 
ance with claim 7, further comprising a detent 
mechanism to index the rotational movement of the 
rotational knob with respect to said housing. 

The ultrasonic surgical clamp apparatus in accord- 
ance with claim 7, wherein said driven surface of 
the clutch mechanism further comprises at least 
one dog cooperatively engageable with said rota- 
tional knob. 

An ultrasonic surgical clamp apparatus comprising: 
a housing; 

an outer sheath rotatably coupled to the hous- 
ing; 

an ultrasonic waveguide positioned within the 
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outer sheath, the waveguide having an end-ef- 
fector; and 

a clutch mechanism coupled to the waveguide, 
the clutch mechanism having a first rotational 
position such that rotation of the clutch mech- 
anism causes rotation of the outer sheath and 
the end-effector relative to the housing and a 
second rotational position such that the rotation 
of the clutch mechanism causes rotation of the 
end-effector relative to the outer sheath. 

11. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 10, further comprising a surgical 
tool mounted on the outer sheath, the surgical tool 
being operable by an operating lever coupled to the 
housing. 

12. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 11, wherein the surgical tool com- 
prises a clamp arm. 

13. The surgical clamp apparatus in accordance with 
claim 11, further including a rotational knob mount- 
ed on said outer sheath. 

14. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 10, further comprising a detent 
mechanism to index the rotational movement of the 
outer sheath with respect to said housing. 

15. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 10, further comprising an inner ac- 
tuating member reciprocally positioned within said 
outer sheath. 

16. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 1 3, wherein the rotational knob has 
at least one slot configured to cooperate with at 
least one locking flange of the clutch mechanism. 

17. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 13, further comprising a spring 
member to bias the clutch mechanism against the 
end of the rotational knob. 

18. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 10, further comprising a connector 
pin to couple the clutch mechanism to the 
waveguide. 

19. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 13, wherein the clutch mechanism 
is disengaged from the rotational knob by a force 
applied to the clutch member in a direction of prop- 
agation of ultrasonic vibration. 

20. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 13, further comprising at least one 



connector pin to couple the actuator collar to the ac- 
tuating member. 

21. The ultrasonic signal clamp apparatus in accord- 
s ance with claim 14, wherein the detent mechanism 

comprises a ball biased by a spring against a detent 
receiving surface of the apparatus. 

22. The ultrasonic surgical clamp apparatus in accord- 
10 ance with claim 10, further comprising an ultrasonic 

drive unit coupled to the housing for effecting longi- 
tudinal vibration of the end-effector. 

23. The ultrasonic surgical clamp apparatus in accord- 
is ance with claim 10, wherein said end-effector has 

at least two elongated edges spaced circumferen- 
tially from one another about an axis of the end-ef- 
fector extending generally parallel to the longitudi- 
nal axis of the ultrasonic waveguide. 

20 

24. The ultrasonic surgical clamp apparatus in accord- 
ance with claim 21, wherein: said detent receiving 
surface defines a plurality of detent receiving de- 
pressions, said apparatus includes a lockout mem- 

25 ber positionable in one of a plurality of notches on 
said clutch mechanism, said notches being aligned 
with and corresponding in number to said depres- 
sions. 

30 25. A method of applying ultrasonic energy to tissue of 
a patient comprising the steps of: 

providing a clamp coagulator apparatus having 
a housing and an outer sheath extending there- 
35 from, the outer sheath having an end-effector 

extending therefrom and a surgical tool to co- 
operatively engage with the end-effector; 
rotating the end-effector with respect to the sur- 
gical tool; and 

40 rotating the end-effector and surgical tool with 

respect to the housing of the clamp vibrator, 
vibrating the end-effector at a selected ultra- 
sonic frequency; and 

contacting the tissue of the patient with the end- 
45 effector. 

26. The method of claim 25 further comprising the steps 
of selectively displacing said surgical tool toward 
and away from said end-effector. 

50 



55 



20 



12 




13 




14 




18 




16 




17 




18 




20 



EP 0 908 150 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



Application Number 



which under Rule 45 ol the European Patent Convention£p g8 30 8230 
shall be considered, tor the purposes of subsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION flntCLS) 



D.A 



US 5 322 055 A (SMITH PAUL ET AL) 
21 June 1994 

* column 11, line 48 - line 57 * 

EP 0 795 301 A (ETHIC0N END0 SURGERY INC) 
17 September 1997 

* column 4, line 47 - line 53 * 



1,7,10 
1,7,10 



A61B17/32 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



A61B 



INCOMPLETE SEARCH 



The Search Division considers mat me present application, orona or mora of its claims, doea/do 
not comply wttn the EPC to such an extent that a meaningful aearch into the atate of the art cannot 
be canted out, or can onty fee carried out portiafty. for these claims. 

Clalme searched completely : 

1 - 24 

Clalma searched Incompletely : 
Claims not searched 1 

25 and 26 

Reason for the Bmtatlon of the search: 

Article 52 (4) EPC - Method for treatment of the human 
or animal body by surgery 



THE HAGUE 



Otis of compleSon el Che aeejcfi 

15 January 1999 



Gfirard, B 



CATEGORY OF CITED DOCUMENTS 

X : pertcutany relevant I taken alone 

Y : particularly relevant I combined with another 

document of the same category 
A : tochnocoQlcaJ background 
O : non-wrtnen dtodoaure 
P ' tntarmec lat e document 



T : theory or principle underlying the Invention 
E : earlier patent document but published on, or 

after the fling date 
D : document cited in the application 
L : document cited for other reasons 

i'Trrwrnbor of the same patert farrtfy. corresponding 
document 



21 




ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 30 8230 



This annex lists the patent family members relating to (he patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

15-01-1999 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




members) 


date 


US 5322055 


A 


21-06-1994 


CA 


2153155 A 


04-08-1994 








EP 


0681457 A 


15-11-1995 








JP 


8505801 T 


25-06-1996 








WO 


9416631 A 


04-08-1994 


EP 0795301 


A 


17-09-1997 


US 


5702390 A 


30-12-1997 








AU 


1626697 A 


18-09-1997 








CA 


2199563 A 


12-09-1997 








JP 


10000199 A 


06-01-1998 



For mora details about this annex : see Official Journal of the European Patent Office, No. 12/82 

/ 



/ 

/ 



22 / 

/ 

■ r 



